The cell cycle checkpoint kinase Chk2 is a negative regulator of mitotic catastrophe.
Fusion between nonsynchronized cells leads to the formation of heterokarya which transiently activate Cyclin-dependent kinase 1 (Cdk1)/cyclin B1 and enter the prophase of the cell cycle, where they arrest due to a loss of Cdk1/cyclin B1 activity, activate p53, disorganize centrosomes, and undergo apoptosis. Here, we show that the down regulation of Cdk1/cyclin B is secondary to the activation of the DNA structure checkpoint kinase Chk2. Thus, syncytia generated by the fusion of asynchronous HeLa cells contain elevated levels of active Chk2 but not Chk1. Chk2 bearing the activating phosphorylation on threonine-68 accumulates in BRCA1 nuclear bodies when the cells arrest at the G2/M boundary. Inhibition of Chk2 by transfection of a dominant-negative Chk2 mutant or a chemical inhibitor, debromohymenialdesine, stabilizes centrosomes, maintains high cyclin B1 levels, and allows for a prolonged activation of Cdk1. Under these conditions, multinuclear HeLa syncytia do not arrest at the G2/M boundary and rather enter mitotis and subsequently die during the metaphase of the cell cycle. This mitotic catastrophe is associated with the activation of the pro-apoptotic caspase-3. Inhibition of caspases allows the cells to go beyond the metaphase arrest, indicating that apoptosis is responsible for cell death by mitotic catastrophe. In another, completely different model of mitotic catastrophe, namely 14.3.3 sigma-deficient HCT116 colon carcinoma cells treated with doxorubicin, Chk2 activation was also found to be deficient as compared to 14.3.3 sigma-sufficient controls. Inhibition of Chk2 again facilitated the induction of mitotic catastrophe in HCT116 wild-type cells. In conclusion, a conflict in cell cycle progression or DNA damage can lead to mitotic catastrophe, provided that the checkpoint kinase Chk2 is inhibited. Inhibition of Chk2 thus can sensitize proliferating cells to chemotherapy-induced apoptosis.